C olorectal cancer (CRC) is the commonest cause of cancer related death in non-smoking men and women. In Australia, approximately one in 18 men and one in 26 women will develop the disease by the age of 75 years. 1 A variety of important prognostic factors have been identified for CRC. The most reliable of these is clinicopathological staging. 2 Patients with CRC confined to the bowel wall have the best prognosis, with virtually all patients surviving, while most patients with distant metastases at the time of surgery will die from their cancer. The most difficult group of patients to predict outcome for are those with nodal involvement, where the five year survival is approximately 50%. 3 There has been considerable progress in the understanding of the genetic and epigenetic events that occur during colorectal carcinogenesis. Mechanisms that maintain the fidelity of the genome are targets for inactivation during malignant transformation. One of the most important of these is the DNA mismatch repair (MMR) system. This repairs base pair mismatches and short loops that arise during DNA replication. 4 5 Inactivation of DNA MMR confers a mutator phenotype on affected cells, resulting in the progressive accumulation of DNA damage.
The hallmark of defective MMR is microsatellite instability. Microsatellites are made up of multiple repeats of short sequences of DNA, 1-5 bases in length. These are scattered throughout non-coding regions of the genome. Microsatellites are prone to strand slippage during DNA replication. If this is not recognised and repaired by the MMR system, addition or deletion of the microsatellite repeat occurs, resulting in a change in the size of the microsatellite allele in daughter cells. This change is described as microsatellite instability (MSI). 6 Short mononucleotide repeat sequences are also found in the coding regions of some genes, including the transforming growth factor b receptor 2 and insulin-like growth factor II receptor. 7 8 Similar errors in microsatellite-like repeats of these genes can alter their protein product, enhancing the neoplastic potential of affected cells.
Cancers occurring in individuals with the familial cancer syndrome hereditary non-polyposis colorectal cancer (HNPCC), in which a DNA MMR gene is mutated, show high levels of MSI. [9] [10] [11] [12] These familial MSI-high (MSI-H) CRCs appear to have a more favourable prognosis. 13 Ten to 15% of sporadic CRCs also exhibit MSI-H. 14 15 This occurs as a result of acquired hypermethylation and epigenetic silencing of the DNA MMR gene, hMLH1. 16 17 Several studies from our own and other centres have shown that sporadic MSI-H CRCs have unique clinicopathological characteristics and a better prognosis than microsatellite stable (MSS) CRC. [18] [19] [20] [21] A third group of tumours can be identified in which MSI is present at an intermediate level. The significance of this low level of MSI (MSI-L) remains controversial [22] [23] [24] but recent studies support that MSI-L is a distinct entity and a feature of specific tumour types, including CRC. 25 26 There are differences in the underlying biology of MSI-L compared with MSS CRC, in particular epigenetic silencing of the DNA enzyme O 6 -methyltransferase by promoter methylation, and a greater prevalence of K-ras mutations. 27 28 Recent microarray studies also suggest that MSI-L CRCs have a unique profile of gene expression. 29 However, it has not been shown if the genetic and epigenetic differences between MSI-L and MSS CRC translate into differences in clinicopathological characteristics and prognosis.
The aim of the current study was to address this question by comparing sporadic MSI-L CRC with a comparable group of MSS cancers in a well characterised cohort of patients. Differences between MSI-L and MSS CRC, particularly with respect to prognosis, are likely to be greatest and most clinically relevant in patients with stage C disease (that is, those with nodal involvement). To overcome potential biases related to the effect of MSI status on response to chemotherapy, only patients with stage C CRC who had been treated prior to the routine use of adjuvant chemotherapy were included. Survival data have been collected prospectively on patients in this cohort. CP stage C CRCs are cancers in which there are confirmed lymph node metastases at the time of surgery (irrespective of the depth of bowel wall invasion by the primary tumour), without pathological or operative evidence of distant metastases or local residual cancer left at the time of bowel resection. 30 Standardised surgical technique and pathology reporting were employed throughout the study period, and more than 90% of specimen dissections were performed by one pathologist (RCN) who also reviewed all of the histological specimens. All cases were deemed sporadic based on the absence of a family or clinical history suggestive of either HNPCC or familial adenomatous polyposis. No patients received adjuvant chemotherapy and the minimum follow up period was five years.
METHODS

Subjects
Microsatellite analysis DNA was extracted from two 10 mm sections of formalin fixed paraffin embedded tissue using a standard technique. 31 Separate blocks were used for malignant and non-malignant tissue.
Microsatellite instability was assessed using a panel 36 and L-myc 37 ) and included mononucleotide repeats (BAT25, BAT26, BAT40, and c-myb), dinucleotide repeats (D2S123, D5S346, D10S197, D17S250, D18S58, and D18S69), and a complex tetranucleotide repeats (L-myc). Ten of these markers had previously been recommended for the assessment of MSI, 38 and included the five microsatellites recommended for the assessment of MSI in CRC by a NCI consensus meeting on MSI. 6 An additional marker (c-myb) previously characterised in our laboratory was also included. 36 Optimal annealing temperatures were determined for each primer pair and 1.5 ml of template DNA was amplified by polymerase chain reaction (PCR)in a final reaction volume of 15 ml. PCR product was labelled by incorporation of (a 33 P), electrophoresed on a 5% denaturing polyacrylamide gel, and visualised by autoradiography.
PCR was repeated if a microsatellite locus failed to amplify with the initial PCR. In an attempt to reduce the failure rate of PCR for these cases, PCRs were also performed using a 1/10 dilution of template DNA, and with 3.0 ml of template DNA solution. Only cases with PCR product from at least 10 of 11 microsatellite loci using this strategy were included in the subsequent analysis.
Scoring of microsatellite instability MSI was identified by the presence of novel bands in the PCR product from malignant colorectal tissue compared with the pattern from non-malignant tissue. Each gel was scored independently by two experienced study personnel (CMW, MB). If there was discordance in their interpretation, the gels were reviewed by a third investigator (JPY) to provide a consensus result. If a clear consensus was then not achieved the marker was scored as non-informative for that locus.
A case was designated MSI-H if microsatellite instability was present at >40% of microsatellite markers, while MSS CRCs had no evidence of MSI. These criteria were proposed by a NCI consensus meeting on MSI in CRC. 6 Using these criteria we have previously demonstrated improved survival in MSI-H sporadic CP stage C CRC in this patient cohort. 18 A CRC was classified as having MSI-L if there was MSI present that fell short of the threshold required for a diagnosis of MSI-H.
Statistical analysis
Overall survival time was measured from the date of resection to the date of death from any cause, with patients surviving to at least February 1997 and those lost to follow up being censored in survival analyses. Cancer specific survival time was measured from the date of resection to the date of death due to CRC, with censoring as above but also including those who died from causes other than CRC. MSI-H cases were excluded from the analyses. The x 2 test was used to evaluate the significance of differences in contingency tables. Comparisons of overall survival time between strata of categorical variables were made by the Kaplan-Meier method 39 (SPPS 40 ) and log rank test. Hazard ratios and their confidence intervals, for both overall survival and cancer specific survival, were obtained by proportional hazards regression. The assumption of proportional hazards was checked by examination of log cumulative hazard plots for parallelism and in no instance was this materially violated. In multivariate proportional hazards modelling, all variables having an association with survival with a p value of ,0.1 were entered into an initial model which was then reduced by successive elimination of variables with a p value of .0.05. The provisional final model resulting from this procedure was then re-examined by introducing each previously excluded variable separately; this did not result in any material change in the model in any instance.
The level for statistical significance was taken as p(0.05 and confidence intervals (CI) were set at 95%.
RESULTS
Twenty one of 255 cases (8.2%) were MSI-H and were excluded from further analysis. Twenty five cases amplified at ,10 loci and were considered not informative for analysis.
This left a study group of 209 cases of which 33 (15.8%) were MSI-L and 176 MSS CRC.
There was no significant association between MSI-L status and any of 10 patient and tumour pathology characteristics previously shown to be associated with survival in patients with stage C CRC (table 1). 41 Unlike MSI-H cancers, MSI-L cancers show no predilection for anatomical site, and were comparable in size and their histology to MSS cancers.
Follow up time in 56 patients surviving at the close of the study ranged from 52 months to 168 months (median 106 months). Median survival time of 78 patients who died of CRC was 28 months and that of 37 patients who died of other causes 29 months. Thirteen patients died postoperatively (within one month of resection) and four were lost to follow up. Twenty one patients died of unknown causes (four MSI-L patients and 17 MSS patients) and these patients were excluded from the analyses of cancer specific survival.
Bivariate analysis showed no significant difference in overall survival between MSI-L and MSS (table 2, fig 1) . Among the other patient and tumour characteristics previously shown to be associated with diminished survival in stage C patients, male sex, age 75-99 years, venous invasion, high grade tumour, and apical node involvement were again significantly associated with poorer overall survival in this study, although tumour site, size, direct spread beyond the muscularis propria, involvement of a free serosal surface, and the presence of more than three involved nodes were not (table 2). All of the variables having a significant bivariate association with overall survival remained significant in the multivariate model (table 3) . MSI-L was not found to be independently associated with overall survival.
MSI-L CRCs showed poorer cancer specific survival than MSS (fig 2) although this difference was not statistically significant. Bivariate analyses for cancer specific survival showed significant effects only for venous invasion, high grade tumour, and involvement of more than three nodes; direct spread beyond the muscularis propria and apical node involvement just failed to reach statistical significance (table 2). As would be expected, advanced age was not significant, the effect of normal mortality largely being eliminated by the censoring of patients who died of causes other than CRC. The multivariate model for cancer specific survival showed significantly diminished survival was associated with male sex, venous invasion, high grade tumour, apical node involvement, and also MSI-L (table 3) .
A summary of the marker profile of the MSI-L cases is shown in table 4. The majority of the 33 MSI-L tumours showed instability at only one microsatellite (fig 3) . Only four of the 33 MSI-L cases showed instability at a mononucleotide Proportion surviving Figure 1 Kaplan-Meier survival curves (overall survival) for sporadic clinicopathological stage C microsatellite instability (MSI) low and MSI stable colorectal carcinomas.
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repeat, most showing instability of loci containing dinucleotide or tetranucleotide repeats, in particular D2S123 (a dinucleotide (CA) repeat) and L-myc (a complex tetranucleotide repeat). This contrasts with the pattern seen in MSI-H cancers. The microsatellite profile data for the MSI-H cases from the same patient cohort has previously been reported, 18 but is presented in table 5 for comparison.
DISCUSSION
The relationship of MSI-L to MSS and MSI-H cancers is currently under debate, 22-25 42 particularly as MSI-L CRCs share characteristics of both MSS and MSI-H cancer. The current study confirms that MSI-L CRCs are comparable with MSS cancers in terms of clinicopathological features and overall survival. A similar effect of MSI-L status on overall prognosis has previously been suggested but in a significantly smaller cohort of 90 subjects with MSS or MSI-L stage C CRCs. 24 In light of the similarities for overall survival, the finding on multivariate analysis that MSI-L status is an independent predictor of poorer cancer specific survival for sporadic CRC was unexpected. The Concord Hospital Colorectal Cancer Registry prospectively collects data on overall survival and cancer specific survival, these being relatively robust outcome measures. Data on locoregional recurrence is only collected for rectal cancers. This prevents direct analysis of recurrence free survival in the present study of both colon and rectal cancer patients. Time to death due to CRC (cancer specific survival) can be considered a surrogate for recurrence free survival but it is not an ideal substitute as it inflates the event free survival time by including time from recurrence to death. Additionally, it excludes patients who have had locoregional recurrence treated successfully, patients who had recurrence but died from another cause, and patients with recurrence who had not died by the close of the study. However, the number of patients in each of these categories is likely to be very small.
In view of these limitations, care needs to be taken in asserting the cause of the observation that MSI-L independently predicted poorer cancer specific survival. However, it is our opinion that MSI-L CRC patients may be more likely to develop recurrence and MSI-L may predict duration of survival to recurrence. Why this effect is not seen when overall survival is compared and why it only emerges in the multivariate model is hard to explain but may be related to our sample size and the statistical power of the study. At the molecular level, characteristics shared by MSS and MSI-L but not MSI-H CRCs are a relatively high degree of chromosomal instability 43 and the presence of K-ras mutations, although the targets of allelic imbalance and prevalence of K-ras mutations are significantly different in the two groups. 28 Of clinical relevance, the response of MSI-L and MSS CRC to fluorouracil based adjuvant chemotherapy has also recently been shown to be similar and superior to the response of MSI-H CRC. 44 As an alternative view, there are a number of shared features of MSI-L and MSI-H CRCs, in particular the presence of microsatellite instability and that both undergo gene silencing by promoter hypermethylation, although the targets of inactivation differ, these including the DNA repair enzyme O 6 -methylguanine methyltransferase in MSI-L 27 and hMLH1 in MSI-H 16 17 cancers. In addition, there is evidence that both MSI-L and MSI-H CRC evolve from serrated adenomas. 28 The evidence increasingly supports the fact that MSI-L is a distinct biological entity. 25 26 Overall, MSI-L CRCs share features of both MSS and MSI-H cancers and the issue for clinical practice is whether the biological behaviour of MSI-L CRCs is unique. There is the potential for a differential effect of adjuvant chemotherapy therapy on MSS and MSI-L CRCs. The only study to examine this issue to date found no difference in the response of MSI-L and MSS CRCs to adjuvant chemotherapy but was probably underpowered to detect a significant difference. 19 Importantly, in the current study, there was no potential confounding effect on survival from adjuvant chemotherapy.
To clarify the relationship of MSI-L CRC to MSS and MSI-H CRC, more precise characterisation of MSI-L status is required. In addition to the number of microsatellites studied, the type of microsatellite loci tested is also important. 38 45 In the current study, the MSI-L cancers predominantly showed instability of dinucleotide and complex repeats and were less likely to demonstrate instability in mononucleotide repeat loci. There was disproportionate MSI of four of the 11 microsatellites utilised (x 2 , p,0.00001) in the MSI-L cases compared with MSI-H CRCs. In order of prevalence of MSI these were: L-myc, D2S123, D5S346, and D17S250. The last three of these markers were from the NCI reference panel for the detection of microsatellite instability in CRC. 6 MSI of the BAT mononucleotide repeats used (BAT25, 26 and 40) was virtually confined to MSI-H CRC. Instability at BAT 26 was not detected in any of the MSI-L cases whereas it has previously been shown to be highly sensitive and specific for identifying MSI-H CRC. 46 Using the criteria for MSI-L of MSI at one or more of the four microsatellites, L-myc, D2S123, D5S346, and D17S2504, but not one of the mononucleotide markers, would have identified 27 of the 33 (82%) MSI-L cancers in the current study.
In summary, the current study showed no difference in the clinicopathological features or overall survival of MSI-L versus MSS cancers in a large prospectively evaluated cohort of sporadic stage C CRCs. However, in multivariate analysis, patients with MSI-L CRCs had significantly poorer cancer specific survival. This observation needs to be confirmed but if real, is presumably due to an increased tendency of MSI-L CRCs to develop recurrent disease. The underlying biological mechanism for this is unclear and should continue to be investigated in a research setting. 
